S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



BBA - General Subjects 1865 (2021) 129801

ELSEVIER

Contents lists available at ScienceDirect
BBA - General Subjects

journal homepage: www.elsevier.com/locate/bbagen

Mini Review

Check for

Can food and food supplements be deployed in the fight against the COVID [’

19 pandemic?

Cagla Celik ?, Ayse Gencay ”, Ismail Ocsoy ™

@ Department of Analytical Chemistry, Faculty of Pharmacy, Erciyes University, 38039 Kayseri, Turkey

b Department of Virology, Faculty of Veterinary, Erciyes University, 38039 Kayseri, Turkey

ABSTRACT

Background: Due to lack of approved drugs and vaccines, the medical world has resorted to older drugs, produced for viral infections and other diseases, as a remedy
to combat COVID-19. The accumulating evidence from in vitro and in vivo studies for SARS-CoV and MERS-CoV have demonstrated that several polyphenols found in
plants and zinc- polyphenol clusters have been in use as herbal medicines have antiviral activities against viruses with various mechanisms.

Scope of review: Curcumin, zinc and zinc-ionophores have been considered as nutraceuticals and nutrients showing great antiviral activities with their medicinal like

activities.

Major conclusions: In this work, we discussed the potential prophylactic and/or therapeutic effects of curcumin, zinc and zinc-ionophores in treatment of viral in-

fections including COVID-19.

General significance: Curcuminoids and Zinc classified as nutraceuticals under GRAS (Generally Recognized As Safe) by FDA can provide complementary treatment for

COVID 19 patients with their immunity-boosting and antiviral properties.

1. Introduction

While new year celebrations take place across the world, the World
Health Organization (WHO) was alerted by Chinese officials about
emergence of pneumonia-like cases in Wuhan city, Hubei province,
China [1]. Chronologically, the U.S Centre for Disease Control and
Prevention (CDC) identified a sea food market in Wuhan suspected to be
the hub of the outbreak on 1 January 2020,

China reported both the emergence of a new type of coronavirus and
first known death of a 61-year-old man infected by this virus on 7
January 2020. The number of the infected people and infection related
deaths unexpectedly reached to 17,205 and 361 on 3 February 2020,
respectively [2,3]. Unfortunately, Dr. Li Wenliang, a Chinese doctor who
first warned about the spread of the virus before it was officially
recorded, died on 7 February. On 11 February 2020, name of this new
virus was declared “severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by the International Committee on Taxonomy of Viruses
(ICTV) and the Wuhan infection was named as corona virus disease 2019
(COVID-19) by the World Health Organization (WHO) [4]. Although
COVID-19 has been first observed in China, this outbreak has quickly
surrounded the whole world in a short time. In fact, India, Brazil, some
European countries and United States of America (USA) have been
drastically affected by this pandemic compared to China. As of
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November19th, 2020, the latest global numbers of over 55.000.000
SARS-CoV-2 infected cases and approximate 1.350.000 deaths across
the world were provided by WHO [5].

To develop a proper treatment and prevent COVID-19 outbreak,
SARS-CoV-2 was isolated from COVID-19 patients and its structure was
identified [6]. The genetic analysis revealed that SARS-CoV-2 is largely
similar to previously emerged severe acute respiratory syndrome coro-
naviruses (SARS-CoV) [7]. For instance, the genome sequence of SARS-
CoV-2 displays the 79.5% identity to SARS-CoV and both viruses target
human alveolar epithelial cells with high specific binding of virus spike
(S) protein to angiotensin converting enzyme 2 (ACE-2) receptor [7,8].
However, there is no clinically approved prophylactic or therapeutic
drug and vaccine for COVID-19. It is worth to mention that various
drugs, previously discovered for different viral infections and other
purposes (malaria, parasite and helminths, etc.,), and certain antibiotics
have been simultaneously used for treatment of COVID-19. For instance,
although chloroquine and remdesivir, recent the most popular drugs,
have broad-spectrum antiviral effects and are currently utilized to treat
COVID-19, however their effectiveness and mechanisms have been is
currently under debate [9,10]. Concisely, ritonavir and lopinavir used as
Human Immunodeficiency Virus (HIV) protease inhibitors are also
combined with appropriate interferons in the treatment of COVID- 19
[71, ribavirin may has potential for the treatment of COVID-19 owing to
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its approved antiviral activity towards respiratory syncytial virus (RSV),
SARS and MERS (Middle East Respiratory Syndrome) infections [11,12].
However, all chemical drugs mentioned here exhibit some side effects
and their effective antiviral activity to SARS-CoV-2 and pharmaceutical
mechanisms have been not clearly documented yet.

From ancient days to today, people have consumed plants not only as
food but also a medicine for viral infections owing to their secondary
metabolites long while their mechanism of action is not well elucidated
yet.

Laboratory studies have demonstrated that plants as “called herb
medicines” have protected people from various infectious diseases with
a variety of ways including boosting immune system, degradation of
virus nucleotides for inhibiting the replication and prevention of virus
entry to host cells [13,14]. For instance, during outbreak of SARS-CoV
and MERS-CoV, various plants have been benefited to treat the virus
infected patients. And they successfully inhibited virus replication and
virus entry [15-18].

We mainly focus on the discussion on food and supplements, Cur-
cuminoids and Zinc, which have been classified as nutrients under GRAS
(Generally Recognized As Safe) by FDA. The in vitro and in vivo studies
have proved their efficacy and safety in the treatment of virus infected
patients.

The researchers have suggested various mechanisms on prophylactic
and therapeutic actions of curcuminoids and zinc used, respectively
against different viral infections [19]. Polyphenols, organic compounds
are found plentifully in fruits, vegetables and flowers. They produce
secondary metabolites and play an effective role for protection of attack
by pathogens. Also, they contribute to formation of color, flavor, odor
and bitter taste in plants. In recent times, polyphenols have attracted
great interest due to their protective effects against development of
diseases [20,21]. Curcumin is found in Curcuma longa rhizomes as major
polyphenolic component and its yellow colorant powder form
commonly known as turmeric is not only consumed as food but also used
as medicine especially in India and around the world.

Zn is the most abundant element in the human body after iron. It is
an important component in the structure and function of many proteins
and involved in 10% of human proteome. It plays role in gene tran-
scription and the structure of many catalytic enzymes and involved in
biological functions including DNA synthesis, RNA transcription, in
maintenance of metabolic and immune homeostasis and many other
cellular processes.

2. Similar mechanisms of curcumin and zinc in fight against
COVID-19

2.1. Suppression of cytokine storm

various infections, especially viral ones induce cytokine storm which
results in hypotension, hemorrhage, and, ultimately multi-organ failure
owing to overexpression of certain cytokines including interleukin-1
(IL1), IL6, IL10, tumor necrosis factor-a (TNFa) [22]. Reported studies
demonstrated that increases in those cytokines can be efficiently sup-
pressed by curcumin. For instance, Abe et al. and Jain et al. separately
reported that curcumin can inhibit the release of a series of cytokines
such as IL1, IL8, TNFa, monocyte chemoattractant protein-1 (MCP1)
and macrophage inflammatory protein-1a (MIP1a) from monocytes and
macrophages [23,24]. Additionally, the secretion of IL1 in bone marrow
stromal cell, IL6 in rheumatoid synovial fibroblasts, IL8 in human
esophageal epithelial cells and alveolar epithelial cells was controlled
using curcumin [25-28]. Consequently, curcumin has great potential to
prevent occurrence of cytokine storm in the COVID-19 patients.

Life threatening viral infections in older individuals can be seen more
frequently in Zn deficiency. The recent systematic study has shown that
Zn replacement leads to significant decrease in the degree of infection by
increasing IFN-alpha and decreasing TNF productions in people aged of
55-87 years [29,30]. In Zn deficiency, expression of both IL-1f and
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TNFa can be regulated via epigenetic and redox-mediated reaction. As
aforementioned above, Zinc is a major structural element of biological
macromolecules that orchestrate various cell functions. For example,
physiological cell functions regulated by the zinc of cell oxidant or
antioxidant balance are varied and connected to each other. Zinc reacts
with sulfur in cysteines by forming a very stable sulfur-zinc bond which
is quite stable in a complex cell environment and leads to either asso-
ciation or dissociation of the metal. Zinc itself is a redox inactive element
however intrinsic redox function of thiol groups results in the release of
zinc from metallothionein (MT) and other cysteine-zinc complex con-
taining proteins by oxidation reaction, it imparts an indirect redox ac-
tivity to the zinc. Zinc can regulate direct or indirect redox signaling by
the following potential mechanisms; 1) zinc acts as a major regulator for
control of production of oxidants and oxidative damage caused by the
metal, 2) Zinc liberated by zinc nitric oxide (NO), hydrogen peroxide
(H205), oxidized antioxidants and thiol group containing oxidants, can
dynamically associate with sulfur in cysteine the containing proteins, 3)
released zinc from MTs can function as a scavenging oxidant by forming
zinc-binding protein and 4) zinc also can involve in regulation of
glutathione metabolism and thiol-induced redox status [31,32].

It is considered that MT protects intracellular zinc homeostasis as an
essential zinc binding protein. Zinc can be dissociated from thiol-zinc
clusters in MTs through the induction of NO, H20,, oxidized antioxi-
dants and thiol-based oxidants. While zinc can highly be consumed in
oxidative status, it is less available in reducing the environment. MTs
and other cysteine containing proteins may potentially act as storage
vehicles for zinc and “redox sensor” for cellular environments as well
[33-35].

Today, number of COVID 19 cases and mortality rate especially in
the elderly and chronic disease group has been increasing day after day
owing to aggressive infection of SARS-CoV-2. Considering the increase
in Zn deficiency in the elderly population and some chronic diseases,
perhaps Zn replacement as a part of routine treatment to these patients
seem to be a suitable option to both support the normal immune
response and benefit from the antiviral effects of Zn [36]. Zn deficiency
affects both the natural and acquired immune system which can be
boosted with Zn replacement [37].

Inflammatory response occurs after viral pathogens are recognized
by Toll-like receptors or several cytoplasmic receptors such as RIGI,
MDADS, IFI16 located on the cell surface or endosomal. In this process,
there are three types of IFN oscillations (type I (IFN-a and IFN-p), type II
(IFN-y), type III (IFN-As)). Although Type I and Type III IFNs have similar
function, the type I IFN type III IFN responses are seen everywhere in the
body and in the liver, gastrointestinal and pulmonary epithelial cells,
respectively. Zn plays an important role in the release of IFNs, cytokine
response and binding to the receptor. Unlike Type I IFNs, Zn inhibits the
binding of Type III-IFN to the receptor. SOCS-1 and SOCS3 proteins that
have an IFN response and inhibit the cytokine response, which prevent
IL6-mediated over-inflammatory and antiviral response. ZIP-14, which
provides entry into the Zn cell following the onset of the inflammatory
response, is required for SOCS-3 expression and a Zn-mediated mecha-
nism is also needed to limit the inflammatory response [31]. Therefore,
Zn may also be important in suppressing the excess inflammatory
response.

2.2. Inhibition of entry into the host cell

It is reported that curcumin has antiviral activity with multi-
mechanisms [38-42]. These diverse mechanisms against different vi-
ruses could serve as a model to use it against SARS-CoV-2. One of the
most interesting and proven mechanism of curcumin relies on blockade
of viral cell entry to host cell, which is a very promising action to control
any virus [43,44]. Both virus SARS-CoV-2 and SARS-CoV follow the
same pathway like angiotensin-converting enzyme 2 (ACE-2) for inter-
nalization host alveolar epithelial cells [45]. Angiotensin converting
enzyme 2 (ACE-2) has been described as a functional receptor of COVID-
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19, therefore its gene has been cloned and expressed for more infor-
mation on mechanisms in the entry and also for pathogenesis of
eukaryotic cells [46]. It refers that ACE-2 receptor can be targeted to
develop prophylactic and/or therapeutic strategy in treatment of
COVID-19 [47]. A recent molecular simulation study showed how cur-
cumin binds to receptor binding domain (RBD) of viral spike S-protein
(S-Protein) on SARS-CoV-2 and alter binding o S-Protein to ACE-2 re-
ceptor on host cell for prevention of virus entry (Fig. 1 Step 1) [48]. A
further research can be conducted on potential prophylactic effect of
curcuminoid on SARS-CoV-2.

Zn is a trace element with a broad antimicrobial activity. The mode
of antiviral action of Zn has been extensively studied on different viruses
such as human immunodeficiency virus (HIV), infectious gastroenteritis
virus (TGEV), vaccinia virus, respiratory syncytial virus (RSV), SARS-
CoV [36,49-51]. Unlike to action curcumin, the reported study
demonstrated that overexpression of ACE-2 activity in rat lungs can be
reduced using certain concentration of Zinc as a food supplement
[52,53]. Then, binding affinity of the virus to ACE-2 receptor though S-
Protein is affectively speculated and SARS-CoV-2 cellular entry can be
blocked.

2.3. Inhibition of viral replication

RNA viruses form endosomal double membrane vesicles (DMV)
structures during their proliferation in the host cell. Hereby, they tran-
scribe mRNA and Genomic RNAs in RNA dependent RNA polymerase
(RdRp) activity [54]. In this process, both RARp enzyme and new gen-
eration transcripts will be protected from antiviral defense systems in
cytoplasm [54]. Unlike other RNA viruses, numerous DMVs in
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coronavirus-infected cells bind to each other to form modified broad
folded areas, including ER [55]. The curcumin can be attached to RARp
(Fig. 1 Step 3) and as well as to dRNA (formed during the genomic
transcription (Fig. 1 Step 4) of new generation virions) thanks to poly-
phenol structure, thereby enables the activation of cellular signaling
pathways such as apoptosis (Fig. 1 Step 8) [56]. There are other
mechanisms that increase the chances of curcumin being effective in
COVID-19 therapy. Curcumin is effective in inhibiting inosine mono-
phosphate dehydrogenase (IMPDH), which catalyzes the rate-limiting
step in de novo biosynthesis of guanin nucleotides during viral replica-
tion [57]. In addition, a study using Newcastle Disease Virus (NDV), an
enveloped virus such as SARS-CoV-2, has been explored to irreversibly
inhibit plaque formation in enveloped viruses [58].

Zn supplementation is important in systemic antiviral response as
well as specifically inhibiting viral replication [59]. It is worth to
mention that it has been previously shown that zinc can inhibit SARs-
CoV RNA polymerase [60]. There are studies showing that when Zn?*
cations used in combination with different Zn ionophores much effec-
tively inhibits RARp SARS-CoV RNA dependent RNA polymerase [61].
For SARS-CoV-1, Zn caused inhibition of RdRp elongation. (Fig. 1 Step
3) and led to reduction in template binding [55]. Furthermore, halting
the RNA replication of different RNA viruses were also achieved zinc and
zinc ionophores [61-65].

It should be kept in mind that recent study has revealed a conserved,
but cryptic epitope shared between SARS-CoV-2 and SARS-CoV which
suggest the antiviral compounds which has activity against SARS-CoV
might show activity against SARS-CoV-2.
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3. An ion carrier for fighting SARS-CoV-2: Curcumin-zinc
ionophore

The recent work proposed that zinc ionophore (pyrithione) could be
much more effective in inhibiting SARS-CoV replication compared to Zn
itself owing to its low cellular uptake. Many enzymes s targeted by
polyphenols are linked to Zn. Polyphenols form chelates with Zn cations
called Zn ionophores which increase the permeability of cell lipid
membrane structures [48]. Dabbagh-Bazarbachi et al. showed that di-
etary plant polyphenols such as the quercetin and epigallocatechin-
gallate give a chelate with Zn ions. These complexes might be acting
as Zn ionophores and polyphenols transport Zn cations across the
plasma membrane [66]. Zn applications are associated with the increase
of Zn passage in the endosome, triggering of autophagy and apoptosis by
inducing endosomic ZNT (zinc transporter family) pathways on endo-
some membranes in mammalian cells [67].

Curcumin acts as natural zinc ionophores and can promote the
cellular uptake of zinc and can be used with zinc to increase the effec-
tiveness of these compounds in the inhibition of the virus. ZnT trans-
porters are known to function as Zn?>" / H * modifiers, transporting Zn
from the cytoplasm to the extracellular space or intracellular compart-
ments [68]. In a study, Zn accumulation was demonstrated in vesicles in
cells expressing ZnT-2 in Zn applications [69]. Therefore, natural com-
pounds identified as zinc ionophores can be used in conjunction with
zinc supplementation to act antivirally against many RNA viruses,
including SARS-CoV-2. Thus, both nutraceutical and food supplement
can act as promising weapons to develop preventative and therapeutic
strategies against COVID-19 pandemic.

4. Conclusion and perspectives

Clinical studies have suggested that curcumin, zinc and zinc-
ionophores have great potentials for their antiviral activities towards
viral infections. Hence these food supplements can be used as comple-
mentary power in treatment of COVID-19 with various mechanisms
including substantial individual immunity support, inhibition of RNA
replication of the SARS-COV-2 and prevention of the virus entry into
cell. Although food supplements with their medicinal properties seem to
help treatment of COVID-19, food supplement-drug interaction should
be considered in terms of increasing toxicity and drug efficiency.
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